In arid zones, the availability of fresh water is usually very limited because of high salinity, which greatly limits their use for irrigation purposes. High mineralization of water used for irrigation leads to increased soil salinity. The aim of the study was to examine the potential use of alluvial groundwater for irrigation in arid zones. The works were conducted in the Middle Draa Valley in southern Morocco (the Mhamid Oasis) in October 2015. Water samples of alluvial groundwater were collected for laboratory analysis from 42 wells located in the oasis. In order to determine the possibility to use the water for irrigation purposes, the Sodium Adsorption Ratio (SAR), sodium percentage (%Na), permeability index (PI), Kelly's ratio (KR), magnesium hazards (MH) and electrical conductivity (EC) were assessed. EC values, exceeding 3000 µS·cm -1 in all the samples, classify the water as unsuitable for irrigation. MH and the KR indexes show that 30% of water samples represent levels making them unsuitable for irrigation. SAR confirms the very high degree of susceptibility of the analyzed waters to salinity hazard. The PI index of these waters is moderate, however in terms of sodium content they can be deemed suitable for irrigation purposes. It has been found that even within a small area of the oasis, a very large differentiation in the alluvial groundwater suitability for irrigation purposes occurs.
Introduction
Fresh water, coming from surface-and groundwaters, is crucial for human functioning. Water resources, their availability and quality are highly diversified, depending on a climate zone. In the arid zone, fresh water availability is usually significantly limited. Surface water as well as shallow groundwaters in the area are characterised by high salinity [1] [2] [3] [4] .
Water salinity is understood as content of dissolved mineral salt. In hot, arid areas, water enrichment in mineral salts is related to small amount of rainfall and intense evapotranspiration, what results in gathering and precipitation of salts, which can be dissolved again by surface waters. In ground waters, salt is mainly washed out from stone formations, because of what salts of sodium, chlorine, magnesium, calcium, potassium as well as sulphates and bicarbonates permeate to water solutions. The parameter characteristic for the content of salts dissolved in water is electric conductivity (EC). The higher its value is, the higher is the salinity. It is assumed that for water for irrigation purposes the EC should range from 600 to 1700 µS·cm -1 [5] . However, values are higher in many areas in the hot, arid zone, what makes their usage for irrigation purposes significantly limited [6] [7] [8] [9] . Nonetheless, as there are no other sources of water, they are used for irrigation, what leads to increased soil salinity. The problem occurs in more than hundred countries, encompassing 0.95 Gha, what constitutes approximately 7.3% of the land surfaces [8, 10] . The total surface degraded because of irrigation with salinated water is estimated at 80% in Turkmenistan [11] and at approximately 30% in Egypt [12, 13] , Iran [4] and Pakistan [14] . The problem has also been observed in India [6] , China [15] and in the USA [11] , where the area of degraded soil is estimated at 20%. Water salination has also been researched in Morocco [1, 16, 17] . The processes influencing the chemistry and creating high salinity of shallow groundwaters have been analysed in these papers.
Using excessively salinated water for irrigation is one of the most common reasons of soil degradation, leading to desertification that results in loss of soil fertility, has adverse effects for its structure and leads to its densification and crust. Accumulation of salts (in particular -sodium) is one of the major physiological threats for ecosystems. Salt disrupts plants development by hindering intake of nutrients and lowering the quality of water a plant uses. It also affects the metabolism of soil-dwelling organisms, leading to serious lowering of soil fertility. High salinity of soil results in plants dying because of rising osmotic pressure and toxicity of salts. Moreover, excess of sodium destroys the soil structure, what results in its loss of ability to support plant growth and animal life, because of lack of oxygen. In consequence, salinity increases soil-sealing, making it unsuitable for cultivation. Additional factor in the high evapotranspiration areas, what increases water salinity and, in consequence, soil salinity is inappropriate field irrigation practice consisting in spreading water by open channels, what also contributes to high water losses.
The area in which surface waters are currently the major source of water for irrigation is South Morocco. The irrigation of the oases located in the valley is conducted with the use of water collected in the reservoir Mansour Ed Dahbi. Water from the reservoir has been released several times during the growing season to enable irrigation of fields. A variable supply of water to the reservoir, gradual reduction of its volume resulting from a large material supply transported during extreme river floods and increasing households' water consumption in the nearby cities, resulted in the need to search for the alternative sources of water for irrigation purposes.
The aim of the study was to assess the usability of alluvial waters for irrigation in hot arid zone. As such areas, located even hundreds kilometres from water reservoirs, are often omitted in irrigation plans, the importance of alluvial waters increases. Their usage depends on their quality as well as on the economic status of the citizens.
Study area
The research has been conducted in the Draa river valley in South Morocco (Fig. 1) . The area is located in the hot arid zone. It is characterised by very low rainfall (50 mm) and high evapotranspiration reaching 3500 mm. Average temperature in summer is 32°C and in winter -13°C. Morocco is one of the areas where access to fresh water is limited and agriculture is dependent on periodic water supplies. The inhabitants of oasis located in the Draa river valley use for irrigation purposes mainly the waters gathered in the Mansour Ed Dahbi reservoir, built in 1972, discharged few times during the vegetation season, what makes it possible to irrigate the fields. Considering irregular water supply to the reservoir, its gradual volume reduction, resulting from a great supply of supplied material transported during extreme rising in the supplying rivers and extensive water intake for the needs of the inhabitants of the cities nearby, there a great need occurred to search for alternative water sources. The area most affected is the Mhamid Oasis, with its 10,000 inhabitants, the last of six oases in the Middle Draa valley, that is why the study has been conducted there. The water flows through the Draa riverbed and in its alluvia and is banked on a dam above the Mhamid. By the system of valves, it is directed to the irrigation system, comprising of main channels of reinforced concrete, located along river valley. Then, from the main channels, water is directed to secondary channels carrying water to the fields. Using the system of open channels results in significant loses of water because of intense evapotranspiration. Moreover, the channels are susceptible to be strewn by blown out material. The excess of water enters the riverbed and infiltrates the alluvia. The alluvia are mainly build of gravel and stones, most of them of a diameter between 5 and 10 cm, maximum diameter -approximately 100 cm. Because of irregular supply of the current irrigation system by water discharges from the Mansour Ed Dahbi dam, during which the water flows for 7 days, 4-5 times a year, also supplying wells from the Oasis are used for irrigation purposes. Their water intake, with the use of motor or electric pumps, is expensive, though, so only a little more than 10% fields in the oasis is irrigated in this way. However, during last years lowering of groundwater level has been observed. In 1967, the depth to the groundwater table amounted from 2 to 8 meters, in 2005, from 3 to 12 meters [18, 19] , and in 2015, it ranged from 6.5 to 17 m p.p.t.
Methods
Alluvial waters for laboratory analyses were sampled in October 2015 from 42 wells in the Mhamid Oasis. In the field, the electric conductivity was measured with a conductivity meter CC-401 by Elmetron, with automatic compensation to a reference temperature of 25°C and accuracy ±1% and ±1°C respectively. 
Results
Measured pH values ranging from 6.8 to 7.9 indicate that the waters are neutral to slightly alkaline. Electric conductivity of the researched waters ranged from 3,800 to 13,766 µS·cm Table 1 .
Values of the indexes: SAR, (%Na), PI, KR and MH for the given wells are presented in Table 2 . Percentage share of wells in particular classes of water usability for irrigation purposes is presented in the Table 3 . 
Discussion
Using surface waters and groundwaters in the arid zone with high contents of dissolved salts for irrigation purposes is a serious problem for agriculture in the regions. As using the water for irrigation results in soil degradation and in limitations of plant growth, it is important to understand the qualities and usability of the water for irrigation purposes. Research like this is more and more frequently conducted in the developing countries, where the problem is the most significant and agriculture is the dominating economic sector. In this paper, the usability of alluvial waters from the area of South Morocco (the Mhamid Oasis), 10% of which are now used by the inhabitants of the Oasis for irrigation purposes, was assessed. The following parameters have been used: pH, EC, sodium percentage, sodium adsorption ratio, Kelly's ratio, permeability index, and magnesium hazard. Alluvial waters are characterised by a pH ranging from 6.8 to 7.9. Considering that the best pH for the irrigation waters ranges from 6.5 to 7.0, groundwaters of the Mhamid Oasis have a proper pH to be used for agricultural purposes. Nonetheless, considering the EC values that, in all wells, exceed 3000 µS·cm -1 , according to Wilcox's [5] classification, the waters are not suitable for irrigation. Great amount of dissolved salts constitutes danger for crops and for soil itself, which undergoes salination and degradation, posing a serious risk for the development of agriculture [23] . The content of chlorides in alluvial waters that is higher than 10 meq·dm -3 classifies the waters, according to the Doneen's [9] classification, as hazardous and very hazardous for irrigation. The high level of chlorides is toxic for plants, impedes their growth and lowers the quality and quantity of crops [24, 25] . The ions of Na + have similar impact -their excess leads to disruptions in ionic balance in plants and limited intake of other ions that are crucial for proper plant growth [26] . Too high levels of Na + and Cl -ions result in such a significant change of chemical composition of soils solution that is disrupts also the intake of nutrients that are crucial for plants life, like magnesium, nitrogen and phosphorus [27] [28] [29] . The excess of sodium ions in soil solution is accompanied by calcium deficiency in plants, because as a result of ion exchange it may be removed from the environment of the roots. Excess of sodium ions results also in the potassium deficiency. Salinity caused by the sodium salts is the most damaging factor also for soil. Their increased value in the soil reduces their qualities, damages its granular structure, increases its dispersion state and ability to swell and, at the same time, reduces permeability and absorbability and leads to alkalisation [24, 26, 30] . The index informing about the usability of waters for irrigation in terms of content of sodium is sodium percentage (%Na) (Fig. 2) . For the alluvial waters of the oasis, it ranges from 40 to 60% and classifies waters as permissible for irrigation purposes. The class indicates that they can still negatively affect the structure and permeability of the soil [31] . This situation requires using appropriate agrotechnical techniques. Water for irrigation is also assessed in terms of magnesium content. Magnesium hazard classifies 30% of alluvial waters of the oasis as unsuitable for irrigation (Fig. 3) . The excess of magnesium results in the limitation of plants' intake of necessary substances like calcium and potassium. Kelly's ratio, based on the calcium, magnesium and sodium content, also classifies 30% of alluvial waters researched as unsuitable for irrigation (Fig. 4) . Alluvial waters of the oasis were also assessed with the use of the permeability index (Fig. 5) .
Soil permeability is the ability of the ground to permeate water, which may be impeded as a result of salts' accumulation. The permeability index (PI) classifies the researched waters as moderately good for irrigation. The SAR, often used in assessment of water for irrigation purposes [4, 8, 9] amounts from 5 to 16 for waters of Mhamid Oasis. SAR informs about the possible level of ion exchange between sodium and calcium and magnesium. Considering only the SAR, the waters belong to the excellent and good for irrigation classes. However, to assess usability of the waters for irrigation purposes, we also had to consider the condensation of sodium and other salts. In these cases, the electric conductivity (EC) was used. Both parameters, SAR as well as EC, are classified together on the Wilcox's diagram [5] . Figure 6 shows the classification of tested alluvial waters with the use of Wilcox's diagram. According to the classification the waters belong to the S1 and S2 classes, i.e. of low and medium sodium hazard, whereas in terms of salinity hazard the waters belong to the group C4, i.e. to the waters of a very high salinity hazard.
In the area of Mhamid Oasis, of a total surface of 40 km 2 , a diversified usability of alluvial waters for irrigation has been observed. The least favourable waters, according to the SAR/EC, (%Na), KR and PI classifications, for irrigation purposes, occur in western and north-western part of the oasis. It is related to their flow in alluvia from the east to the west, during which they are enriched with dissolvable salts, especially with Cl -and Na + ions. However, the highest salinity in the north-western part of the oasis probably results also from the regulation of the Draa river flow that, during water discharges, directs the most salinated waters to this part of the oasis. Different tendencies are only observed in terms of MH, what indicates that the least favourable waters for irrigation occur in the northern part of the oasis and that they improve as they get further from the main riverbank of the Draa river, and the lowest indicators for the index are for the southern part of the oasis. 
Conclusions
The Mhamid Oasis, located in the hot arid zone, is an example of the area in which problems with availability of water suitable for irrigation occur frequently. Surface waters directed to the oasis and distributed by open channels are susceptible to a rapid growth of salinity resulting from significant evapotranspiration. Whereas the alluvial waters, which are used for irrigation purposes more and more frequently because of the smaller amount of water discharged to the oasis from the Mansour Ed Dahbi reservoir, show the high content of salt. Magnesium hazard and Kelly's ratio classify approximately 30% of them as unsuitable for irrigation. The SAR confirms their high susceptibility to salinity. The permeability index (PI) classifies the waters tested as medium, and in terms of sodium content, the waters are appropriate for irrigation purposes. It has been found that even in the small area of the oasis, the usability of alluvial waters for irrigation purposes is varied. It is related to their flow in alluvia, in which they are enriched with dissolvable salts.
Considering that alluvial waters are a potential source of water for irrigation in arid zones, the consequences of irrigation with highly salinated waters should be noted. The excess of sodium destroys the soil structure that loses the ability to support plants' growth. Moreover, salination leads to reduction of soil permeability, what can make cultivation impossible.
